All minerals play crucial roles in the physiological response to exercise, in energy metabolism and in tissue conservation during an exercise period Š14¹. Racehorses have needs for minerals as well as other nutrients in order to perform their task. Copper is particularly interesting for orthopaedic diseases in young horses. Zinc is also involved as a co-factor in many enzyme systems Š9¹.
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In cattle Š6¹ and sheep Š23¹, breed differences in ability to store copper were reported. This difference attributed to multiple genes causing maternal difference in copper absorption, retention or both. Unfortunately, there is limited information on mineral concentrations in the serum concerning horse breeds fed same diets. Grace et al. Š7¹ reported differences in tissue copper concentration in horses that could not be explained by variation in dietary content possibly being due to the breed factor. Obviously, there is a need to establish reference values related to the breed.
Biochemical values are related to diet, sex, environmental agents and age and these parameters are used in diagnosis of diseases and assess the nutritional status of horses Š2¹. The establishment of reference values for biochemical parameters concerning breed could also be useful to assess nutritional status of horses and diagnosis of diseases. In addition, the effect of dietary vitamin E on serum vitamin E level and breed differences will also be determined.
This paper presents results of some blood parameters and vitamin E and mineral element analysis of serum collected from Arabian and English horses fed same diets.
Animals and Diets / @ivotinje i ishrana
Forty Arabian and forty English thoroughbred racehorses (age from 2 to 3 years with an average initial weight of 415 kg, range 400 to 430; SE= 0.91) were used in this study. The diet was formulated to meet nutrient requirement for racehorses Š16¹ and consisted of 63% grass hay and 37% mixed grain concentrate. Sample of feeds were analysed for dry matter (DM) and organic matter (OM) Š1¹, and nitrogen (Kjeltec 1035 analyser, Tecafor). The vitamin E content of the diet was 98.5 IU/kg DM. This level was around the NRC, recommendation Š16¹. Tracemineralised salt (Equi-Choice, Wilson Enterprises, Disputanta, VA, Table 1 ) and water were available ad libitum. Housing and feeding were similar for all horses. Diet ingredients and analysed chemical composition of diet is presented in Table  1 .
136
Vet. glasnik 58 (1 -2) Ca, [7] [8] [9] P , 8; Mg, 1; S, 1; Zn, 5; Fe, 3; Cu, 12; Mn, 1; Co, 002; Na, 13.65; Cl, 21.35; Se, 001 Premiks je obezbe|ivao u 1 kg obroka: vitamina A, 1, 380.000 IU; vitamina D 3 , 258, 000 IU; vitamina E, 26, 455 IU; riboflavina, 701 mg; niacina, 3, 009 mg; folne kiseline, 66 mg, tiamin mononitrata, 1, 521 mg, 42 mg; 3, 527 mg Sampling / Uzorkovanje At the end of the 4-week trial period, blood was collected from the jugular vein into evacuated collection tubes at rest in the horsebox. The blood sample was centrifuged and serum was then withdrawn and stored at -20 o C until analyses could be performed.
Analytical procedures / Analiti~ka procedura
Total protein (total protein liquicolor), lactate (lactate-PAP-Merieuix), calcium (calcium liquicolor), phosphorus (phosphorus liquirapid), and potassium (potassium liquirapid ) analyses were performed using the commercial kits (Human Geselscharf für Biochemica und Diagnostica mbH).
Serum copper, cobalt and zinc analysis were done according to Elmer Š4¹ using atomic absorption (model 2380, Perkin-Elmer Cooperation). Feed analyses of copper, cobalt and zinc were performed according to Osborn and Voogt Š18¹.
Serum samples were analyzed for a-tocopherol using HPLC with a fluorescence detector according to the method of Hidiroglou Š15¹. All samples were analyzed in duplicate.
Statistical analysis / Statisti~ka analiza
Results are presented as means with their standard errors ( Table 2 ). All data were compared by means of Student's t test by using SPSS Š19¹ program.
Mean serum concentrations of total protein, lactate, calcium, phosphorus, potassium, copper, cobalt, zinc and vitamin E are presented in Table 2 .
Total protein values were similar in both Arabian and English horses. Lactate concentrations were higher in English horses but the difference was not significant. Similarly, serum concentrations of calcium and phosphorus and vitamin E were not statistically different between two breeds. 
Results / Rezultati ispitivanja
were 2.64 and 3.14 mmol/l for Arabian and English horses, respectively. The mean copper and cobalt concentrations of serum from both breeds were not found to be significantly different whereas zinc concentrations of Arabian horses were higher than those for English horses. Mean values were 160 and 58 mg/dl for Arabian and English horses, respectively, and the difference was statistically significant (p<0.05) ( Table 2 ).
All proteins and proteids in blood serum are called "total protein value". Acute phase proteins can be affected by disease states such as acute inflammatory disease burnt, blood losses, trauma. It was reported that in the case of chronic inflammatory diseases, nephritic syndrome, chronic hepatopathy like liver cirrhosis, chronic enteropathy, malign tumour and dehydration this value could be changed Š12¹. In the study of Kraft Š15¹ this value was reported between 55-75 g/l and 5.5-7.5 g/dl, respectively. Orsini and Divers Š17¹ found the value between 5.2-7.9 g/dl. Harris Š9¹ measured this value at 58.2 ± 3.4 g/l before the race, 71.8 ± 8.36 g/l at speed of 12 m/min and 70.3 ± 9.36 g/l at the end of the race. Tyler-McGowen et al. Š21¹ divided horses into two groups. The first group was control and the other one was a highly training (exercised) group. They measured the total protein value at 1, 15 and 32 weeks and they found the values 68.0 ± 1.0 g/l and 63.0 ± 2.0 g/l and 69.0 ± 2.2 g/l in control group and 68.0 ± 0.8 g/l, 63 ± 1.2 and 67.0 ± 1.2 g/l in exercised group, respectively. Heigl Š12¹ reported this value between 5.8-8.0 g/dl. Our results support any of these reports discussed above and proved those horses, which were used in this study, had no sign of pathological disorders and our results could also prove that breed might not have an effect on total protein value.
Serum lactate concentration increases depending on exercise and has an effect on race performance and during the exercise, as a result of glycolysis, breaked down glucose glycogen into lactic acid; large quantities of energy can be supplied. If the oxygen supply of the body is not enough, two pyruvat ions, which are the last product of glycolytic reaction, and hydrogen ions are reacted to produce lactic acid Š22¹. According to our observations values related to breed in serum lactate concentrations were not reported previously and our results showed that breed might not have an effect on serum lactate concentrations. It might be useful to indicate here reported lactate concentrations previously; Kraft Š15¹ reported a maximum lactate concentration in horses of 9 mg/dl (0.999 mmol/l), Orsini and Divers Š17¹ between 10-16 mg/dl. Harris and Snow Š10¹ indicated that arterial lactate concentration ranged between 0.1-2.4 mg/dl (0.208-0.266 mmol /l) venous lactate concentrations between 1.0-1.36 mg/dl (0.111-0.150 mmol/l). Evans and Lorraine Š5¹ used two different methods in their work and they observed that blood lactate concentration between 1.5 ± 0 mmol/l and 11.3 ± 9.6 mmol/l, and 
Discussion / Diskusija
plasma lactate concentration was between 3.3 ± 1.7 mmol/l and 20.7 ± 6.6 mmol/l depending on effort in exercise band.
Calcium is a component of bone and teeth and also plays an important role in muscle contraction, coagulation, enzyme and cellular defence system and secretion of some hormones. Total calcium concentration was found between 8.0-13.6 mg/dl by Kraft Š15¹. This value was around 11.2-13.6 mg/dl in the study of Orsini and Divers Š17¹. Haclechner Š8¹ reported that calcium concentration in horses was between 2.5-3.3 mmol/l (10.0-13.22 mg/dl). In our case, this value was around 13.18 ± 0.32 mg/dl (3.28 ± 0.08 mmol/l) in Arabian horses and 12.80 ± 0.21 mg/dl (3.19 ± 0.05 mmol/l) in English horses as in normal range and no breed difference was found in calcium concentration in serum.
Levels of phosphorus, which is a component of bone and teeth and involved in most of the reactions in the body as a source of energy and also the main component of nucleic acids, important as a buffer in blood and cell and the main element of enzyme and proteins, were between 2.5-4.5 mg/dl in horses in the study of Kraft Š15¹, between 3.61-5.6 mg/dl in the study of Orsini and Divers Š17¹. Haclechner Š8¹ reported that the value of phosphorus concentration ranged between 2.2-6.6 mg/dl (0.71-2.13 mmol/l) in 95% of the horses and he claimed those numbers need to be taken as reference numbers. Our results are similar with those of these researchers and as discussed previously, no reported values are available for horse breeds for phosphorus concentration in serum.
Potassium is the main element of intracellular fluid, and plays a role in providing membrane potential, regulation of acid-alkali balance and enzyme activation. The values reported by Kraft Š15¹ were 2.5-4.5 mmol/l (9.77-17 .59 mg/dl). Orsini and Divers Š17¹ and Haclechner Š8¹ reported the values 2.4-4.7 mmol/l (9.38-18 .38 mg/dl) and 2.2-4.8 mmol/l (8.60-18.77 mg/dl), respectively. In the study of Harris and Snow Š10¹ effects of excessive exercise were observed. During the exercise, plasma potassium concentration was relatively increased, and at the end of the exercise this value reached a peak. Potassium concentration in some horses was around 10 mmol/l. In another work by these authors Š11¹ in warming period, potassium concentration returned to the normal range. In our work, potassium concentration in Arabian horses was 2.64 ± 0.61 mmol/l, and in English horses 3.14 ± 0.75 mmol/l. This difference was statistically significant (p<0.05).
The results of the present study suggest that breed has no effect on serum vitamin E level since similar values were observed in both English and Arabian horses (Table 2) .
After an examination of blood samples from Arabian and English horses it was found that Arabian horses had a higher mean value of zinc than English horses (Table 2) . No significant breed-related difference was observed in plasma cobalt and copper levels ( Table 2) . Despite no data being available on breed differences in trace element content of the body or plasma of horses, some researchers attribute the differences in results to the genotype of horses. For ex-ample, when draught cross Quarter horses or Quarter horse yearlings were fed diets containing 7.6 to 15.1 mg copper/kg DM, 22.5 to 52.7 mg manganese/kg DM and 25 to 52.2 zinc mg/kg DM Š3¹, the increase of trace element intake caused no significant differences in copper, manganese and zinc concentrations in liver, kidney and plasma. Grace et al. Š7¹ also concluded that the reported differences in the trace element content of the body between the various horse studies and their study with horses do not appear to be related to varying cobalt, manganese, iron and zinc intakes and could be explained by genotypic differences. However, genotypic differences reported in most cases and also in trace element concentrations. For example, Scottish Blackface ewes were less efficient in absorbing copper than Welsh Mountain ewes Š23¹. In our work, we did not observe differences in absorbing copper and cobalt in horses but differences were observed in absorbing zinc (Table 2) , and therefore English horses had lower serum zinc concentration when both breeds are fed diets of identical zinc concentrations. On the other hand, Stark et al. Š20¹ reported differences in zinc concentration between horses and they attributed this difference in zinc plasma levels to the location of housing. Our observations do not agree with this explanation since the same housing system and feed was used in our study.
We only tested some biochemical parameters, macro, and some trace elements and just one vitamin as far as possible. But, the results emphasize the need to establish reference values related to the breed for whole biochemical parameters and minerals.
